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A patient with the Wolff-Parkinson-White syndrome
manifesting four types of tachycardia is described. The
location and the participation during tachycardia of two
different types of accessory atrioventricular pathways
weredocumentedduring a programmed stimulationstudy.
The presence of more than one accessory pathway in patients
with the Wolff-Parkinson-White syndrome has been re-
ported (1-6). Such patients are theoretically capable of hav-
ing orthodromic reciprocating or circus movement tachy-
cardias, antidromic circus movement tachycardias and dual
accessory pathway tachycardias, in addition to atrial tachy-
cardia, atrial flutter and fibrillation and atrioventricular (AY)
nodal and ventricular tachycardia. During orthodromic cir-
cus movement tachycardia, the AY node is used as the
anterograde and the accessory pathway as the retrograde
limb of the circuit (7). In antidromic circus movement tachy-
cardia, the accessory pathway functions as the anterograde
and the AY node as the retrograde limb of the circuit (7).
Dual accessory pathway tachycardia uses one accessory
pathway as the anterograde and another accessory pathway
as the retrograde limb (4).
The following case report illustrates how a detailed in-
tracardiac electrophysiologic study can confirm the presence
of multiple accessory pathways and identify the mechanisms
of the multiple tachycardias with which such patients can
present. It illustrates the complexity of the interactions that
determine which of the potential tachycardias will become
manifest at a given time. It also shows the multiple mech-
anisms of interchange between different tachycardias that
can occur in such patients.
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Unusual modes of initiation of tachycardias were ob-
served, such as the initiation of an orthodromic circus
movement tachycardia by an atrial premature beat that
conducted in anterograde direction down the accessory
pathway.
Case Report
A 12 year old girl was referred for investigation of symp-
tomatic recurrent wide QRS tachycardia in the presence of
the Wolff-Parkinson-White syndrome. She had no addi-
tional heart disease. The echocardiogram showed normal
dimensions and valve function. The 12 lead electrocardio-
gram during sinus rhythm (Fig. lA) showed the presence
of a delta wave positive in leads 11, aYL and Y2 to Y6,
isoelectric in lead HI and negative in leads Y I and aYR,
suggestive of a right lateral accessory pathway. Her clini-
cally documented tachycardia (Fig. 18) showed a right bun-
dle branch block configuration.
After informed consent was obtained from both the pa-
tient and her parents, an electrophysiologic study was per-
formed in the sedated (diazepam) and fasting state, using
multiple electrode catheters positioned in the right atrium,
coronary sinus, His bundle area and right ventricle. Pro-
grammed stimulation was performed as previously described
(8), first in the basal state and then after administration of
amiodarone, 200 mg intravenously. Restudy during oral
amiodarone therapy (after a total dose of 8,400 mg) was
performed 4 weeks later.
Electrophysiologic Study
Basal Study
Patterns of atrioventricular conduction. The follow-
ing QRS patterns were observed:
I) During sinus rhythm and right atrial pacing at low pacing
rates, a pattern consistent with fusion between ventric-
ular pre-excitation over an accessory pathway located in
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Figure 1. Five 12 lead electrocardiograms recorded during the
first electrophysiologic study, Panel A shows the electrocardio-
gram recorded during sinus rhythm. Panels 8 and C are electro-
cardiograms recorded during two different wide QRS tachycardias.
Panels D and E are electrocardiograms recorded during two dif-
ferent narrow QRS tachycardias. See text for further explanation.
the right lateral position and AV conduction over the
Av node,
2) During coronary sinus pacing, early extrastimuli during
right atrial pacing and during incremental pacing from
the right atrium at higher pacing rates, a pattern con-
sistent with ventricular pre-excitation over a left free wall
accessory pathway.
3) At 1 critical pacing rate from the right atrium and coro-
nar, sinus, a narrow QRS complex preceded by a His
bundle electrogram, consistent with anterograde con-
duetion over the AV node only,
Anterograde properties of the accessory path.
ways. The anterograde refractory period of both accessory
pathways was determined by single test stimulation from
the right atrium, using a basic cycle length of 600 ms. The
right-sided accessory pathway had an anterograde refractory
period of 300 ms, while that of the left-sided accessory
pathway was 230 ms.
Patterns of ventriculoatrial (VA) conduction (Fig.
2). During programmed ventricular stimulation, multiple
sequences of atrial activation were observed. During ven-
tricular stimulation with a basic cycle length of 500 ms,
almost simultaneous activation of all intracavitary atrial re-
cordings were seen. After the second extrastimulus and dur-
ing tachycardia, an eccentric sequence with earliest acti-
vation in either the lateral left atrium or the lateral right
atrium was observed.
The VA conduction time to the earliest activity recorded
on the left side of the heart did not change after premature
ventricular extrastimuli. In contrast, the VA conduction time
to the earliest activity on the right atrial electrograms showed
a progressive increase with increasing prematurity of the
ventricular extrastimulus.
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Figure i. Five extracardiac electro-
cardiographic leads and four intracar-
diac recordings from the high right
atrium (HRA), the proximal (CSp) and
distal (CSd) coronary sinus and the His
bundle (HIS), The last two of eight
paced beats (S\) given with a cycle
length of 500 ms from the right ven-
tricular apex are illustrated. These are
followed by two premature ventricular
stimuli (S, and S3), both given after
intervals of 240 ms. During basic pac-
ing, atrial activation is almost simul-
taneous in all recordings, After the
prematurebeats, atrialactivationis seen
earliest in the high right atrium, then
in the His bundle, proximal coronary
sinus and distal coronary sinus. This
is followed by initiation of a narrow
QRS tachycardia, corresponding to the
one shown in Figure ID.
Tachycardias. Multiple tachycardias were initiated and
terminated by programmed electrical stimulation of the heart.
The 12 lead electrocardiograms of these tachycardias are
shown in Figure l B, C, D and E.
Orthodromic circus movement tachycardia. The narrow
QRS tachycardias (Fig. 1D and E) will be considered first.
Careful observation of the 12 lead electrocardiogram
reveals differences in P wave configurations particularly in
leads I and III. Intracavitary recordings showed two distinct
Figure 3. Same recordings as in Figure 2, during the tachycardia
illustrated in Figure ID. See text for discussion.
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eccentric patterns of atrial activation. In the tachycardia
shown in Figure IE, earliest atrial activation was observed
in the distal coronary sinus, while in the tachycardia shown
in Figure 10, earliest activity was seen in the lateral right
atrial recording(Fig. 2). During both tachycardias, the atria
could be pre-excited by right ventricular premature beats
occurring at the time of refractoriness of the bundle of His
(9). In the tachycardia in Figure 10, the phenomenon of
paradoxical advancement of right atrial activity (10) was
observed, demonstrating the incorporation of a right-sided
accessory pathway during this tachycardia.
A most intriguing phenomenon is shown in Figure 3. A
ventricular premature beat, given during tachycardia (Fig.
10) simultaneously with the anterograde His bundle de-
polarization, paradoxically pre-excites the right atrium and
activatesthe atria with the sameeccentricsequenceas during
the tachycardia. After this early atrial activation, which is
conducted with AV nodal delay to the ventricle, atrial ac-
tivation occurs eccentricallycommencing in the distal coro-
nary sinus recording. This pattern of atrial activation is the
one from the circus movement tachycardia, using a Ieft-
sidedaccessorypathwayas the retrograde limbofthe circuit.
The most likely explanation for this change in tachycardia
circuit is concealedanterograde and retrograde invasion into
the left-sided accessory pathway during the tachycardia in
Figure 10. This concealed penetration is disturbedby early
atrial activationafter the induced ventricularprematurebeat
and late ventricular activation after AV nodal delay of the
subsequent anterogradely conducted impulse.
Not illustrated is the observation that during left bundle
branchblockduring the tachycardia illustrated in Figure IE,
there was a delay in activation of the left atrial electrogram
but not of the right atrial electrogram while the cycle length
of the tachycardia increased. This suggested not only a
circus movement tachycardia incorporating a left-sided ac-
cessory pathway, but also the presence and noninvolvement
of a right-sided accessory pathway.
Wide QRS tachycardias. The electrocardiograms of the
two regular wide QRS tachycardias are illustratedin Figure
1Band C. Figure 4 showsthat during the type of tachycardia
shown in Figure lC, anterograde conduction occurs over a
right-sided accessory pathway and retrograde conduction
over a left-sided accessory pathway. Figure 5 illustrates the
effect of an atrial premature beat during the tachycardia in
Figure 1B. The first of the two atrial premature beats is too
late to capture the atrium. The second premature beat is
given from the coronary sinus with an interval of 260 ms.
The subsequent VV interval also measures 260 ms. In the
next cycle, the atrial electrograms, commencing with the
high atrium, were advanced to the same intervalof 260 ms.
These findings are consistent with a dual accessorypathway
tachycardia, using the left-sided accessory pathway for an-
terograde conductionand the right-sided accessory pathway
for retrograde conduction.
Intravenous Amiodarone
After the administration of intravenous amiodarone, the
anterograde refractory periods of both accessory pathways
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Figure 4, Recordings of the type of tachy-
cardia in Figure IC, See text for discussion.
Abbreviations as in Figure 2.
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Figure 5. Effect of a premature beat from
the coronary sinus on the type of tachy-
cardia in Figure lB. Seetext for discussion.
RAd and RAp = distal and proximal right
atrium, respectively. Other abbreviations
as in Figure 2.
II
III
increased by 30 ms. No change occurred in retrograde di-
rection. The dual accessory pathway tachycardia using the
left-sided accessory pathway as the anterograde and the
right-sided accessory pathway as the retrograde limb could
still be initiated. Orthodromic circus movement tachycardia
could no longer be initiated, most likely because of amio-
darone-induced prolongation of the refractory period of the
AV node.
Oral Amiodarone
During the restudy 4 weeks later, the anterograde re-
fractory period of the left-sided accessory pathway showed
further prolongation by 80 ms. No double accessory path-
way tachycardia could be initiated. During orthodromic cir-
cus movement tachycardia, catheter-induced right bundle
branch block occurred. New modes of initiation of the two
types of orthodromic circus movement tachycardia were
observed.
Initiation of the orthodromic circus movement tachy-
cardia using the left-sided accessory pathway as the ret-
rograde limb by a right ventricular premature beat (Fig.
6). With a basic pacing cycle length of 440 ms, atrial ac-
tivation occurs almost simultaneously in all recordings. After
a premature beat, eccentric atrial activation occurs consist-
ent with retrograde conduction over a right-sided accessory
pathway. Thereafter, the His bundle and the ventricle are
depolarized (with a right bundle branch block QRS config-
uration) and the atria eccentrically activated with earliest
activity now in the distal coronary sinus recording, con-
sistent with retrograde activation over a left-sided accessory
pathway. After this, sustained tachycardia with the same
pattern ensues.
The tachycardia is, therefore, initiated by a ventricular
premature beat that finds the left-sided accessory pathway
refractory (while both pathways were excitable during basic
ventricular pacing) and the right-sided accessory pathway
excitable. The impulse then conducts over the AV node.
Figure 6. Unusualmodeof initiation of orthodromic circusmove-
ment tachycardiaby right ventricular(RV) pacing, using the left-
sided accessory pathway after oral amiodarone. See text for dis-
cussion. Abbreviations as in Figure 2.
RV Pacing
II
III
JACC VDI. 4, No. I
July 1984:168-75
HEDDLEET AL.
MULTIPLE CIRCUS MOVEMENT TACHYCARDIAS
173
Because of the relatively long interval before ventricular
activation., the left-sided accessory pathway is again excit-
able, and sustained circus movement tachycardia using the
left-sided accessory pathway occurs in retrograde manner.
Use of the left-sided accessory pathway for VA conduction
during circus movement tachycardia is favored by the oc-
currence of right bundle branch block after anterograde AV
nodal conduction.
Another unusual mode of initiation of circus move-
ment tachycardia using a left-sided accessory pathway
in retrograde manner (Fig. 7). During right atrial stim-
ulation with a basic cycle length of 500 ms, the ventricles
show a pattern of activation consistent with fusion between
anterograde conduction over the right-sided accessory path-
way and the AV node. In the top panel, after a premature
beat given after 340 ms, the right-sided accessory pathway
is found to be refractory and the ventricles are activated
anterogradely over the left-sided accessory pathway, and
possibly also in a small part by anterograde conduction over
the AV node. Thereafter, the atria are activated with earliest
RAP
Figure 7. Another unusual mode of initiation of an
orthodromic circus movement tachycardia by right atrial
pacing (RAP) after oral amiodarone. See text for dis-
cussion. Abbreviations as in Figure 2.
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activity seen in the right atrial recordin gs (arrow), consistent
with VA conduction over the right-sided accessory pathway .
After this , there is anterograde activation over the AV node
to the ventricles, followed by retrograde atrial activation
over the left-sided accessory pathway. The lower panel shows
that at a premature beat interval of 320 ms, both accessory
pathwa ys were refractory, and the classic type of initiation
of an orthodromic circus movement tachycardia by an atrial
premature beat is observed.
Programmed stimulation from the coronary sinus (Fig.
8). During basic pacing at a cycle length of 500 ms, the
QRS complex is the result of ventricular pre-excitation over
CSP
a left-sided accessory pathway. The top panel shows that
after an atrial premature beat given after 360 ms. the left-
sided accessory pathwa y is refractory and anterograde con-
duction occurs primarily over the right-sided accessory path-
way , and to a lesser extent probably over the AV node .
Retrograde conduction is then observed over the left-sided
accessory pathway , followed by a sustained orthodromic
circus movement tachycardia using the left-sided accessory
pathway. When the atrial premature beat is given 10 ms
earlier (lower panel) , both accessory pathways are refractory
and anterograde conduction occurs over the AV node, with
the classic type of initiation of orthodromic circus movement
Figure 8. Programmed stimulation bycoronary sinus
pacing (CSP). See text for discussion. Abbrevia-
tions as in Figure 2.
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tachy •..ardia. The arrow in the top panel points to the slightly
different atrial activation sequence in the first atrial echo
compared with later echoes, The major difference is seen
in the distal high right atrial recording that occurs earlier
after .. QRS complex resulting from anterograde AV nodal
conduction as compared with atrial activation after the QRS
complex resulting from right ventricular pre-excitation. This
suggests that right atrial activation during orthodromic cir-
cus movement tachycardia is the result of fusion of VA
conduction over the right- and left-sided accessory pathways.
Follow-up Study
The patient has now been followed up for 24 months,
During this time, oral amiodarone with a daily maintenance
dose of 200 mg has provided excellent control of her
arrhythmias.
Discussion
Multiple accessory pathways have previously been noted
in patients with the Wolff-Parkinson-White syndrome (1-6),
Our patient is unique because of the two forms of dual
accessory pathway tachycardia observed in addition to the
two orthodromic circus movement tachycardias. Also, dif-
ferences in response of the two accessory pathways to amio-
darone were observed,
Evidence for dual accessory pathways. The evidence
supporting the presence of dual accessory pathways was: I)
two patterns of ventricular pre-excitation during atrial pac-
ing with different delta wave configuration and ventricular
activation pattern, 2) at least two patterns of eccentric atrial
activation during ventricular stimulation, 3) two patterns of
orthodromic circus movement tachycardia, 4) paradoxical
atrial pre-excitation by a right ventricular premature beat
during orthodromic circus movement tachycardia using a
right-sided accessory pathway, and 5) delay of left but not
right atrial activation with left bundle branch block QRS
configuration during orthodromic circus movement tachy-
cardia using a left-sided accessory pathway.
Conditions determining type of tachycardia. This case
illustrates the many forms of tachycardia that can occur in
a person with multiple accessory pathways, As shown by
our observations, the type of tachycardia initiated critically
depends on the initiating event (particularly the site and
timing of premature stimuli) and the properties of the ac-
cessory pathways and AV node. Sustained orthodromic cir-
cus movement tachycardia using a right-sided accessory
pathway required persistent anterograde and retrograde con-
cealed conduction to the left-sided accessory pathway, In
contrast, sustained orthodromic circus movement tachy-
cardia using a left-sided accessory pathway could continue
because of a short VA conduction time, even though right
atrial activation during tachycardia occurred largely from
retrograde conduction over the right-sided accessory pathway.
Retrograde conduction over the AV node was never seen
in this patient. If such conduction had occurred, it is possible
that the classic left- or right-sided antidromic circus move-
ment tachycardia would also have been seen.
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